Nuclear Factor-κB is a key transcription factor activated by pro-inflammatory signals, like interleukin-1 (IL-1), being required for the expression of many inflammatory and catabolic mediators, namely nitric oxide (NO), that play an important role in arthritic diseases. This work aimed at screening and identifying natural inhibitors of IL-induced NF-κB activation and NO production in human articular chondrocytes. Chemical analysis showed that this essential oil is predominantly composed of monoterpene hydrocabons, being α-pinene [2,6,6-trimethyl-bicyclo(3.1.1)hept-3-ene] the major constituent (76 %). As does the whole oil, a fraction containing 93 % α-pinene reduced significantly IL-1-induced IκB-α degradation. Moreover, α-pinene also decreased IB- phosphorylation, NF-B-DNA binding activity and NO production.
Introduction:
Arthritic diseases include a plethora of conditions characterized by cartilage degradation and variable local inflammation. Loss of the articular cartilage results from decreased synthesis of the cartilage matrix components and increased expression of matrixdegrading enzymes [1] [2] [3] . Pro-inflammatory cytokines, among which interleukin-1 (IL-1) is the prototype, contribute to inflammation and cartilage degradation by inducing articular chondrocytes and cells of the synovial membrane to express catabolic and inflammatory genes. Among these, the inducible nitric oxide synthase (iNOS) has a prominent pathophysiologic role [4, 5] , being upregulated in arthritic joints [6, 7] . NO, produced in large amounts by iNOS [8] , has been shown to mediate many of the inflammatory and catabolic responses elicited by IL-1 and other pro-inflammatory cytokines in chondrocytes [9-13], contributing to reduce major anabolic processes, while increasing catabolic responses and, therefore, driving the imbalance between matrix synthesis and degradation characteristic of arthritic diseases [2, 3] .
The transcription factor, Nuclear Factor-B (NF-B), plays a crucial role in the pathogenesis of arthritic diseases by mediating the expression of both catabolic and inflammation-related genes, namely that encoding iNOS, in chondrocytes and cells of the synovial membrane [1] [2] [3] . The importance of NF-B in the pathogenesis of arthritis is further highlighted by the findings that several drugs currently used for the treatment of osteoarthritis inhibit NF-B activity to some extent [14, 15] and that specific small inhibitors targeting this transcription factor have anti-inflammatory and anti-degradative effects in animal models of inflammatory arthritis [16] .
NF-B can be activated in many cell types, including chondrocytes, in response to a large number of extracellular stimuli [17] . The major or canonical pathway leading to NF-B activation, which is involved in IL-1-induced NF-B activation in chondrocytes [15, 18] , requires the phosphorylation of an inhibitory protein, termed IB- that is bound to NF-B dimmers in the cytoplasm, preventing their translocation to the nucleus. Upon phosphorylation by a specific kinase, IB- undergoes ubiquitination followed by proteasome degradation. Thus, the freed NF-B dimmers translocate to the nucleus where they promote the expression of specific genes, many of which are involved in the immune, inflammatory and stress responses [19, 20] .
Considering their role in the development and/or progression of arthritis [1] [2] [3] , the screening for compounds capable of down-regulating NF-B and NO is a promising strategy for the development of new drugs with potential disease-modifying effects for therapeutic intervention in arthritic diseases. Plant extracts are valuable collections offering a huge diversity of compounds, most of them commercially unavailable and structurally difficult to synthesize. In this context, essential oils, plant extracts prepared by distillation and composed by small hydrophobic molecules with potential to diffuse readily across cell membranes, are particularly valuable for the screen of pharmacologically active compounds. Accordingly, aiming at identifying compounds with inhibitory activity towards IL-1-induced NF-B activation and NO production in human articular chondrocytes, this study screened a set of essential oils whose 
Material and Methods

Preparation of the essential oils
Plant material was taxonomically identified by J. Paiva, taxonomist of the Herbarium of the Botanical Institute of the University of Coimbra (COI) and vouchers deposited under the references CC1024, CC890, CC1039 and CC1046.
Essential oils from those plants were prepared at laboratory by hydrodistillation for 3h using a Clevenger-type apparatus and the procedure described in the European Pharmacopoeia [21] . The oils were stored at 4°C in the dark, prior to screening assays or chemical analysis.
Oil fractionation
Oil (n x 1.0 g) fractionation was achieved by flash chromatography on silica gel (63- 
Qualitative and quantitative analysis
Components of each essential oil and fraction were identified by their retention indices on both SPB-1 and SupelcoWax-10 columns and from their mass spectra. Retention indices, calculated by linear interpolation relative to retention times of C8-C23 of n-alkanes, were compared with those of authentic samples included in our own laboratory database. Acquired mass spectra were compared with reference spectra from our own library or from the literature [22] , [23] .
Cartilage samples
Normal human knee cartilage was collected from the distal femoral condyles of multi- 
Isolation and cell culture
Articular chondrocytes were isolated from the cartilage samples by enzymatic digestion and non-proliferating monolayer cultures were established as described previously [7] .
Non-proliferating monolayer cultures (supporting information) were subsequently treated with recombinant human IL-1 (Peprotech, Rocky Hill, NJ, USA) in the presence or absence of the essential oils and fractions or of control compounds. Culture supernatants and the adherent cells were used, respectively, to measure NO production and to evaluate cell viability.
The human chondrocytic cell line, C-28/I2, was used to evaluate NF-κB activation.
Dilution of the essential oils and their fractions
Essential oils and their fractions were diluted 1:5 in DMSO and then in culture medium to achieve the final concentrations. The highest concentration of DMSO in the final solution was 0.2% (v/v) and the lowest 0.05% (v/v).
Measurement of nitric oxide production
Nitric oxide production was measured as the amount of nitrite released into the culture supernatant. Nitrite concentration was determined in cell-free culture supernatants using the spectrophotometric method based on the Griess reaction [24] .
Preparation of cytoplasmic and nuclear extracts
C28/I2 cells were lysed in 150 l of buffer 1 [10 mM Tris-HCl, 10 mM NaCl, 3 mM 
Data analysis
Statistical significance was assessed by one-way ANOVA with Dunnett's post test for comparison of all conditions versus IL-1. In some experiments, the Bonferroni post test was used for simultaneous comparison to IL-1 and the control, untreated condition.
Analysis was performed using GraphPad Prism version 4.00 for Windows (GraphPad Software, San Diego, CA, USA, www.graphpad.com). Results were considered significant for P<0.05.
Supporting information
Detailed experimental protocols and effect of the essential oils on the viability of human chondrocytes are available as Supporting Information.
Results and Discussion
None of the essential oils or fractions tested affected chondrocyte viability under the experimental conditions used (supporting information).
The specific NF-B inhibitor, Bay 11-7082 (Bay), almost completely abolished IL-1-induced NO production as evaluated by the amount of nitrite accumulated in the supernatants of primary human chondrocyte cultures (Fig. 1) . Moreover, four of the five essential oils tested were effective in reducing IL-1-induced NO production. The greatest inhibition (80 ± 8 % relative to IL-1) was achieved with the highest concentration (0.02 %, v/v) of the oil from the leaves of J. oxycedrus, closely followed by the same concentration of the essential oil from the berries of the same species (76 ±
%). Essential oil from O. virens was completely inactive while that from M. piperita
showed only modest inhibitory activity (32 ± 18 % relative to IL-1), even in the higher concentration. DMSO, used for the initial dilution of the essential oils and fractions, did not affect IL-1-induced NO production either in the lowest or the highest concentrations used (data not shown).
Since the essential oil from the leaves of J. oxycedrus showed the highest inhibitory activity, we proceeded with its fractionation and chemical analysis (table 1) (Fig. 2) .
Therefore, the inhibitory effect observed with the parent essential oil is likely due to the activity of these two fractions, especially to F-p which is considerably more abundant than Fox. Nevertheless, one or more of the components of this fraction are probably, at least, as active as -pinene, since the two fractions, in identical concentrations (0.02 %, v/v), were similarly effective. Future work will be directed at purifying those oxygenated components and identifying those capable of preventing NF-B activation induced by pro-inflammatory stimuli, like IL-1, in chondrocytes.
Since F-p is the most pure and accounts for most of the J. oxycedrus essential oil, additional tests were performed to further assess its ability to inhibit IL-1-induced NF-B activation. Figure 3A shows that both F-p and Bay prevented IL-1-induced IB- phosphorylation, a step that precedes and is required for IB- degradation.
Additionally, F-p also reduced NF-B-DNA binding activity in matching nuclear extracts (Fig. 3B) . Competition assays performed as described in Materials and
Methods, confirmed the specificity of the assay. Then, the ability of F-p to inhibit IL- [27] showed that -pinene has anti-inflammatory properties in vivo, but no cellular or molecular mechanisms were identified. More recently, -pinene was reported to dose-dependently decrease IB- degradation and the nuclear translocation of NF-B induced by LPS in THP-1 cells [28] . Results presented in the current study are in agreement with those reported by Zhou and co-workers [28] and further demonstrate that the inhibitory activity of -pinene on NF-B activation is not restricted to a specific cell type or to a particular inflammatory stimulus.
In summary, this study shows that the most abundant component in the essential oil from the leaves of J. oxycedrus is -pinene which probably accounts for most of its inhibitory activity, both at the levels of IL-1-induced NF-B activation and NO production. This suggests that -pinene may be promising as a small NF-B and NO inhibitor and warrants further studies to demonstrate its usefulness in the treatment of arthritic diseases and other conditions in which both play pathological roles. Table 1 Composition of the essential oil from Juniperus oxycedrus leaves. Compounds listed in order to their elution on the SPB-1 column;
Legends for Figures
RI SPB-1 -Retention indices on a Supelco polydimethylsiloxane column relative to C8-C23 n-alkanes.
RI SPWax -Retention indices on a Supelco polyethylleneglycol column relative to C8 to C23 n-alkanes.
n.d. = not determined 
